High-dose clindamycin (CLDM) and benzylpenicillin (PCG) are the recommended chemotherapeutic remedies for toxic shock-like syndrome caused by group A streptococci. One reason for this is that it has been shown that CLDM suppresses the expression of some exoproteins, e.g., SpeB, SpeA, and streptolysin O (Slo). We analyzed the effects of antibiotics on the production of whole exoproteins by two-dimensional gel electrophoresis. Unexpectedly, we found that the levels of several exoproteins, Slo, NAD ؉ -glycohydrolase (Nga), M protein, and Sic, were increased by CLDM treatment, although we also confirmed previous findings that the levels of various exoproteins, including SpeB, were decreased. The increases in exoprotein levels were also detected by using other protein synthesis inhibitor antibiotics: erythromycin, kanamycin, tetracycline, chloramphenicol, and linezolid. Peptidoglycan synthesis inhibitors (such as PCG, cefazolin, and imipenem), DNA replication inhibitors (such as gatifloxacin), and an RNA polymerase inhibitor (rifampin) did not have significant effects on exoprotein production. The combination of CLDM and PCG had no advantageous effects with regard to exoprotein production compared to the effect achieved with CLDM alone. We also analyzed the transcriptional levels of slo and nga by reverse transcription-PCR and found that this change was also detected at the transcriptional level. Furthermore, the phenomenon was seen not only in strains of the M1 serotype but also in strains of the other M serotypes. Our study suggests that the clinical effectiveness of CLDM might be due to the inhibition of the production of a limited number of exoproteins.
Streptococcus pyogenes is a gram-positive bacterium that infects the upper respiratory tract, including the tonsils and pharynx, and is responsible for postinfection diseases such as rheumatic fever and glomerulonephritis. In addition, S. pyogenes causes streptococcal toxic shock-like syndrome (TSLS) (5, 15, 17, 19, 23) .
Management of TSLS requires aggressive antibiotic treatment, supportive therapies, and surgical procedures. S. pyogenes continues to be susceptible to penicillin and other ␤-lactam antibiotics, but clinical failures with penicillin have been reported (21) . The present consensus regarding the use of antibiotic treatment for TSLS includes the use of a high dose of clindamycin (CLDM) together with penicillin. CLDM is a lincosamine derivative that acts by binding to the 50S subunit of the bacterial ribosome and inhibiting protein synthesis. It has been shown that the synthesis of several streptococcal exoproteins, including virulence factors, is inhibited by subinhibitory concentrations of CLDM (6, 16, 18, 20, 21) . However, those studies examined only a limited number of exoproteins, and no comprehensive studies have analyzed the effects of antibiotics on the production of all exoproteins at the same time. Two-dimensional gel electrophoresis (2-DE) is a powerful method for the detection of proteins not only qualitatively but also quantitatively. We applied this technique to the analysis of exoprotein production by S. pyogenes cultured with the maximum concentrations of antibiotics, including CLDM and benzylpenicillin (PCG), that did not suppress bacterial growth, as determined by measurement of the absorbance.
MATERIALS AND METHODS
Bacteria. The S. pyogenes M1 serotype strain 1529, M3 serotype strain 1268, M4 serotype strain 1266, M5 serotype strain 1547, and M12 serotype strain GG01 used in this study were all clinical isolates from hospitalized patients with S. pyogenes infections in Japan. The bacteria were cultured in brain heart infusion broth (BHI; Eiken Chemical Co., Tokyo, Japan) containing 0.3% yeast extract (Difco Laboratories, Detroit, Mich.) for 7 to 8 h for early-stationary-phase analysis (optical density [OD] , approximately 1.0) and 18 h for late-stationaryphase analysis (OD, approximately 1.0) at 37°C without agitation. The culture volumes were 3 ml for sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 25 ml for 2-DE analysis.
Antibiotics. The following antibiotics were used in this study: clindamycin hydrochloride (Sigma Chemical Co., St. Louis, Mo.), linezolid (Pharmacia & Upjohn Co.), PCG potassium (Meiji Seika Co., Tokyo, Japan), kanamycin monosulfate (Meiji Seika Co.), cefazolin sodium hydrate (Fujisawa Pharmaceutical Co., Osaka, Japan), imipenem (Banyu Pharmaceutical Co., Tokyo, Japan), erythromycin (Shionogi Pharmaceutical Co., Osaka, Japan), gatifloxacin hydrate (Kyorin Pharmaceutical Co., Osaka, Japan), tetracycline (Sigma Chemical Co.), chloramphenicol (Sigma Chemical Co.), and rifampin (Sigma Chemical Co.). All antibiotics were added to the medium at the same time when the bacterial culture was started.
Determination of antibiotic concentrations for exoprotein analysis. Bacteria were cultured in BHI that contained various concentrations of antibiotics. The maximum antibiotic concentration that did not suppress bacterial growth, determined from the absorbance of the culture at 660 nm measured with a colorimeter (Asahi Science Co., Tokyo, Japan), was determined; and this concentration was used for the study of exoprotein production.
One-dimensional SDS-PAGE analysis of exoproteins and cellular proteins. S. pyogenes was cultured in 3 ml of BHI. After 18 h of culture, with or without antibiotic at the different concentrations, when the bacteria were in the late stationary phase of growth, 1 ml of the 3-ml culture was centrifuged and the supernatant was precipitated with trichloroacetic acid (final concentration, 10%). After an acetone wash, the precipitate was dissolved in 50 l of SDS-PAGE buffer. In the case of the bacterial cellular protein, the centrifuged bacterial cells from 1 ml of culture were directly dissolved in 50 l of SDS-PAGE buffer. Twenty microliters each of the 50-l supernatant and the cellular protein samples were electrophoresed. The gels were stained with Coomassie brilliant blue.
2-DE analysis. S. pyogenes was cultured in 25 ml of BHI. The length of culture was approximately 7 to 8 h for analysis of early-stationary-phase cells and 18 h for analysis of late-stationary-phase cells. Throughout the culture, the bacteria had been exposed to one or two kinds of antibiotics; the control, however, was not exposed to antibiotics. Exoproteins from the culture supernatant were prepared as described previously (10, 11) . Briefly, all sample pellets derived from 25 ml of the bacterial culture supernatant (approximately 500 to 1,500 g) were dissolved in 300 l of immobilized pH gradient dehydration solution (Amersham Biosciences Co., Piscataway, N.J.), which consisted of 7.8 M urea, 2 M thiourea, 2% 3-[(3-cholamidopropyl) dimethylammonio]-1-propanesulfonate, 0.6% dithiothreitol, and 0.5% immobilized pH gradient buffer. Aliquots (250 l) of the samples were loaded onto 13-cm Immobiline DryStrip gels (pH 3 to 10; Amersham Biosciences Co.). The first-dimensional electrophoresis conditions and second-dimensional SDS-PAGE separation were the same as those described previously (10, 11) . The experiments were repeated at least three times to confirm their reproducibilities.
Peptide mass mapping (PMM) analysis. Protein spots were excised from the gels and placed into tubes. The gel pieces were washed twice with a solution of 100 mM ammonium bicarbonate and destained with a solution of 100 mM ammonium bicarbonate and 30% acetonitrile. The destained gel pieces were dried by vacuum centrifugation. For carbamidmethyl modification, the dried gel pieces were rehydrated in a solution of 100 mM dithiothreitol and 100 mM ammonium bicarbonate for 30 min at 60°C. After removal of the solution, the gel pieces were then incubated in a solution of 100 mM iodoacetamide and 100 mM ammonium bicarbonate for 30 min at 37°C. The gel pieces were dried again by vacuum centrifugation. The dried gel pieces were rehydrated in 20 l of trypsin digest solution (20 g/ml of mass spectrometry grade Trypsin Gold [Promega Co., Madison, Wis.] in 100 mM ammonium bicarbonate). After removal of the excess trypsin solution, the gel pieces were incubated in 20 l of 100 mM ammonium bicarbonate overnight at 37°C. Each of the peptide mixtures was extracted from gel pieces with an acetonitrile solution containing 0.1% (vol/vol) trifluoroacetic acid. Extracted solutions were dried by vacuum centrifugation and stored at 4°C before mass analysis.
Nanoelectrospray tandem mass analysis was performed with an LCQ Advantage nanospray ionization ion trap mass spectrometer (Thermo Finnigan Co., San Jose, Calif.) combined with a MAGIC2002 high-pressure liquid chromatography (HPLC) system (Michrom BioResources Inc., Auburn, Calif.). The peptide mixture sample was injected onto the MAGIC2002 HPLC system, which was equipped with a C 18 column (length, 50 mm; 5 m; particle size, 200 Å; Michrom BioResources Inc.). Ionization was performed with a capillary voltage of 2,500 V. Precursor ion scanning was carried out with a mass-to-charge ratio (m/z) of 300 to 2,000 prior to tandem mass spectrometry (MS/MS) analysis. Multiple MS/MS spectrum data were collected with the program TurboSEQUEST (Thermo Finnigan Co.); merged as SEQUEST format files; and submitted to the program Mascot Search, available on the Matrix Science website (http://www .matrixscience.com/), for the MS/MS ion search. Identification of the proteins in the spots conformed to the description on the Matrix Science website.
Assessment of mRNA levels by semiquantitative RT-PCR. For reverse transcription-PCR (RT-PCR), bacterial cells were cultured in 5 ml of BHI for 4 to 5 h and harvested when the OD was approximately 0.8 (late log phase). As in the protein analysis, the bacteria were exposed to antibiotics throughout the cultivation. Total RNA was prepared from 0.8 ml of the 5 ml of cultured bacterial cells with an RNA-protected Bacteria Reagent (Qiagen, Hilden, Germany), followed by treatment with RNase-free DNase (Qiagen). A total of 100 ng of total RNA was reverse transcribed in the presence of slo-, nga-, and gryA-specific primers with the SuperScript first-strand synthesis system, according to the instructions of the manufacturer (Invitrogen Co., Carlsbad, Calif.) in a 10-l reaction volume. The primers used for amplification of the slo gene were SloEcoRI (5Ј-GGAATTCCTACTTATAAGTAATCGAAC-3Ј) and Slo-BamHI (5Ј-CGGATCCGAATCGAACAAACAAAACAC-3Ј). The primers used for amplification of the nga gene were Nga-BamHI (5Ј-CGGATCCGTTAGTGGC AAAGAAAATAA-3Ј) and Nga-XhoI (5Ј-CCTCGAGTTACTTGGTATCTTG CATTT-3Ј). The primers used for amplification of the gyrA gene were 5Ј-CGA CTTGTCTGAACGCCAAA-3Ј and 5Ј-TTATCACGTTCCAAACCAGTCAA-3Ј. A total of 0.4 l of the 10-l reverse transcriptase reaction mixture was used for the next PCR (reaction volume, 10 l). Amplification and detection of specific products were performed with the following cycle profile: 25 cycles for slo, nga, and gyrA annealing at 55°C (nga and gryA) or 50°C (slo) and extension at 72°C for 90 s (slo and nga) or 20 s (gyrA). The amount of contaminating chromosomal DNA in each sample was determined in control reactions without reverse transcriptase. The quantity of cDNA used in the experiments for each gene was normalized to the quantity of gyrA cDNA in each sample. Triplicate assays were performed with RNA from at least two independent cultures.
RESULTS

Determination of antibiotic concentrations for 2-DE study.
We cultured S. pyogenes 1529 with several concentrations of antibiotics; and the maximum dose of antibiotic which did not inhibit the growth of the bacteria, as judged by measurement of the absorbance at 660 nm, was used for further study. The concentration of PCG and CLDM used both alone and together was 7.0 ϫ 10 Ϫ3 g/ml. Neither synergistic nor additive effects were detected. The concentrations of antibiotics used for the study are listed in Table 1 .
SDS-PAGE analysis of exoprotein production. First, exoproteins from the culture supernatant and cellular proteins in the late stationary phase were analyzed by SDS-PAGE (Fig. 1 ). As shown in Fig. 1a , a dose-dependent decrease in the amount of a 40-kDa protein was detected with CLDM treatment. A CLDM dose of less than 1.1 ϫ 10 Ϫ4 g/ml had almost no effect (compare lane 1 and lanes 7 to 9). On the other hand, PCG had no significant effect on the 40-kDa protein at any dose (Fig.  1b) . Although we detected variations in the intensities of some protein bands other than the 40-kDa band, the results were not reproducible. No significant changes in the amounts of cellular (cytoplasmic and membrane-bound) proteins were detected by SDS-PAGE analysis with CLDM treatment (Fig. 1c) .
Effects of CLDM and PCG on exoprotein production analyzed by 2-DE. Exoproteins were then analyzed by 2-DE, because SDS-PAGE could not distinguish each exoprotein separately in detail. Antibiotics were added from the beginning of culture, and the bacteria were harvested after 18 h, when the bacteria were in the late stationary phase of growth. After separation by 2-DE, several protein spots were identified by PMM analysis. The profiles of the exoproteins and their corresponding names are shown in Fig. 2 and Table 2. In the late stationary phase, the exoprotein profile achieved by treatment with the maximum PCG dose (Fig. 3b ) that did not suppress bacterial growth was almost the same as that of a control culture with no antibiotics, except for increases in the amounts of heat shock protein 70 (Fig. 3b, spot 9 ) and many acidic proteins, most of which were identified as intracellular proteins by PMM analysis (data not shown). It is possible that these proteins were released from the cells because of the breakdown of peptidoglycan by the inhibitory effect of PCG. CLDM treatment remarkably decreased the levels of SpeB (Fig. 3c , spot 1) and slightly decreased the levels of SpeF (Fig. 3c, spot  5) ; however, Sic levels were increased significantly (Fig. 3c,  spot 3 ). The levels of streptolysin O (Slo) (Fig. 3c, spot 12) , NAD ϩ -glycohydrolase (Nga) (Fig. 3c, spot 13 ), M1 protein (Fig. 3c, spot 10 ), ␣-amylase (Fig. 3c, spot 2) , Isp2 (Fig. 3c, (Fig. 3c, spot 7 ), CAMP factor (Fig. 3c , spot 8), and heat shock protein 70 (Fig. 3c, spot 9 ) also increased. Several new protein spots (Fig. 3, spots 12 -0, 12-1, 12-2, 12-3, 13-0, 13-1, and 13-2) appeared after treatment with CLDM and were also identified as Slo and Nga by PMM analysis. These spots seemed to be portions of the mature proteins probably digested by proteases or incompletely synthesized because of terminated translation caused by CLDM. Very similar results were obtained for the other M1 serotype strain, strain SF370, which was used for the genome project (7) (data not shown). Treatment with the combination of CLDM and PCG produced a result similar to that achieved with CLDM treatment alone; a difference was increases in the amounts of intercellular acidic proteins (Fig. 3d) . We then analyzed the effects of antibiotics on the exoproteins in bacteria in the early stationary phase by 2-DE (Fig. 4) . In this experiment the antibiotics were also added from the beginning of culture, and the bacteria were harvested when the growth curve reached early stationary phase (OD, approximately 1.0). In principle, the amount of exoprotein produced should be less in this phase compared to the amount produced in the late stationary phase. With CLDM treatment, the decreases in SpeB (Fig. 4, spot 1) and SpeF (Fig. 4 , spot 5) levels were not clearly detected. It is possible that production of SpeB and SpeF occurs mainly in the late stationary phase and that the difference caused by the inhibitory effect of CLDM was not observed then. However, CLDM already had an influence on the production of some exoproteins in the early stationary phase, so that the levels of Slo (Fig. 4b, spot 12) and Sic (Fig. 4b, spot 3) were observed to increase.
Effects of other antibiotics on exoprotein production. Next we carried out similar experiments with other antibiotics to analyze whether the effect of increased levels of exoprotein production was CLDM specific. First, the effects of peptidoglycan synthesis inhibitors belonging to the same category as PCG were analyzed. We used cefazolin (CEZ), which is classified as a narrow-spectrum cephem and a carbapenem antibiotic, imipenem (IPM), which is used to treat serious infectious diseases. The effects of these antibiotics did not differ from that of PCG (data not shown).
We then studied the effects of protein synthesis inhibitors belonging to the same category as CLDM (Fig. 5 ), as follows: erythromycin (EM) (Fig. 5a ), classified as a macrolide that is very similar to CLDM; kanamycin (KM) (Fig. 5b) , classified as an aminoglycoside; tetracycline (TC) (Fig. 5c) ; chloramphenicol (CP) (Fig. 5d) ; and linezolid (LZ) (Fig. 5e) . Each antibiotic inhibited the translation of peptides from mRNA, but the target molecules differed. Reductions in the levels of SpeB (Fig. 5, spot 1) and SpeF (Fig. 5, spot 5 ), which were also detected with CLDM, were found with all antibiotics except EM (Fig. 5a) ; and the level of Sic (Fig. 5, spot 3 ) was increased by all protein synthesis inhibitors. The level of Slo (Fig. 5, spot  12 ) was increased by treatment with all drugs except KM (Fig.  5b) , and the level of Nga (Fig. 5, spot 13 ) was increased by EM (Fig. 5a ) and TC (Fig. 5c) .
We also studied the effects of rifampin, which is an RNA polymerase inhibitor, and gatifloxacin, which is classified as a fluoroquinolone. Both of these drugs are bacterial DNA replication inhibitors. These drugs had almost no effect on exoprotein production, similar to the effect of PCG and the control without antibiotics (data not shown).
A summary of the effects of the antibiotics on the production of exoproteins is shown in Table 2 . Protein synthesis inhibitors had more of an influence on the production of exoproteins than the other classes of antibiotics did, although the effects on the increases or decreases on the levels of production of exoproteins were variable between each protein synthesis inhibitor.
Analysis of other M-type S. pyogenes strains that cause TSLS. We also analyzed the effect of CLDM on the other M-type S. pyogenes strains that cause TSLS to determine whether the effect of CLDM on exoprotein production was specific to the M1 serotype (Fig. 6 ). Serotypes M3, M4, M5, and M12 of S. pyogenes were used for the study. We did not detect significant changes in exoprotein levels with the M3 or M5 strains (data not shown). Clear decreases in SpeB (Fig. 6 , 
Hsp70 (heat shock protein 70)
a Abbreviations and symbols: I, proteins whose levels increased two to four times compared with those under the control condition; II, proteins whose levels increased four to eight times; III, proteins whose levels increased more than eight times; D, proteins whose levels decreased one-half to one-fourth compared with those under the control condition; DD, proteins whose levels decreased one-fourth to one-eighth; DDD, proteins whose levels decreased less than one-eighth; Ϫ, no significant change; v, variable changes; RFP, rifampin; GFLX, gatifloxacin.
VOL. 49, 2005 EFFECT OF ANTIBIOTICS ON S. PYOGENES EXOPROTEINS 91
spot 1) and SpeF (Fig. 6 , spot 5) levels and increases in Slo (Fig. 6 , spot 12) and Nga (Fig. 6 , spot 13) levels were detected for M4 and M12 strains, as was shown for serotype M1 strain 1529 (Fig. 3c, spots 12 and 13) , suggesting that the effect of CLDM is not M-type specific. Assessment of exoprotein transcription levels with CLDM treatment. We used semiquantitative RT-PCR analysis of transcription with CLDM treatment to determine whether the levels of transcription of slo and nga were increased. To rule out the possibility that reverse-transcribed cDNA contained genomic DNA, we also used a negative control that was not reverse transcribed (data not shown). Judging from the data that CLDM already had an effect on exoprotein levels in the early stationary phase, we analyzed the RNA levels in late log phase. The bacteria were cultivated for 4 to 5 h with or without CLDM until the OD reached approximately 0.8, and total RNA was extracted. In agreement with the results of 2-DE protein analysis, slo and nga mRNA levels increased and the internal control gyrA mRNA level was unchanged (Fig. 7) . The same results, i.e., increases in slo and nga mRNA levels, were obtained by Northern blotting analysis (data not shown). These results suggest that CLDM also affected the levels of transcription of several exoprotein genes.
DISCUSSION
The number of clinical cases of TSLS caused by S. pyogenes and the other streptococci, including group C and G streptococci, has been increasing in Japan (12) . The progression of this disease is very rapid, and the prognosis is still very poor, despite intensive medical treatment. The main therapeutic strategy is antibiotic treatment. Many kinds of antibiotics are available, but the recommended regimen is high-dose penicillin and high-dose CLDM together. The reason for using penicillin is its very strong bactericidal activity, and there have been no reports of the appearance of penicillin-resistant S. pyogenes to date. The reason for the use of CLDM is that it transfers to tissues well, and it has been reported that CLDM suppresses the expression of exotoxins in S. pyogenes (6, 16, (20) (21) (22) . Although the suppressive effect of CLDM has also FIG. 3. 2-DE analysis of the effects of PCG, CLDM, and the combination of PCG and CLDM on the production of exoproteins from bacteria harvested in the late stationary phase. S. pyogenes 1529 was cultured for 18 h with no drugs (a), PCG (b), CLDM (c), and both PCG and CLDM (d). The bacteria were exposed to antibiotics throughout the cultivation. The numbers of the protein spots are the same as those described in the legend to Fig. 2 and Table 2. 92 TANAKA ET AL. ANTIMICROB. AGENTS CHEMOTHER.
been reported in S. aureus (13) , the number of proteins analyzed was small. As far as we know, a comprehensive study to determine the effect of antibiotics on the expression of whole exoproteins in S. pyogenes has never been carried out. We introduced the 2-DE method for this analysis. Our results support those of previous studies that showed that the levels of some exoproteins were decreased with CLDM treatment (6, 16, (20) (21) (22) . Unexpectedly, we also found that the levels of some exoproteins were unchanged or even increased with CLDM treatment. These results were obtained not only with CLDM treatment but also with treatment with the other classes of protein synthesis inhibitors. The tendencies for change and the degrees of changes in the production of the exoproteins were different (Table 2) . Because all protein synthesis inhibitors
2-DE analysis of the effect of CLDM on the production of exoproteins from bacteria harvested in the early stationary phase. S. pyogenes 1529 was cultured until the early stationary phase with no drugs (a) or CLDM (b) and harvested. Antibiotics were added at the beginning of the culture, and the bacteria were exposed to antibiotics throughout the culture. The numbers of the protein spots are the same as those described in the legend to Fig. 2 and Table 2. FIG. 5. 2-DE analysis of the effect of protein synthesis inhibitors on the production of exoproteins. S. pyogenes 1529 was cultured for 18 h. Bacteria were exposed to EM (a), KM (b), TC (c), CP (d), and LZ (e) throughout the cultivation. The numbers of the protein spots are the same as those described in the legend to Fig. 2 and Table 2 .
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directly suppress the 70S ribosome and inhibition mechanisms are different according to the type of drug, it is possible that the mechanism for each drug is affected by the tendency for exoprotein production and the degree of exoprotein production. In the experiments with the protein synthesis inhibitors CP (Fig. 6d) , EM (Fig. 6a) , and CLDM (Fig. 3c) , CLDM reduced the levels of production of SpeB and affected more kinds of exoproteins than CP and EM did. They all have common reaction points, inhibit peptidyltransferase, and interfere with the elongation reaction on the 50S ribosome (9, 24) . However, it has been reported that the reaction mechanisms are different (24) . CLDM, which extends to the peptidyltransferase center, causes the dissociation of peptidyl-tRNAs containing two, three, or four amino acid residues (24), whereas EM, which does not reach the peptidyltransferase center, induces the dissociation of peptidyl-tRNAs containing six, seven, or eight amino acid residues (24) . Our study suggests that these slightly different mechanisms of CLDM and EM are related to their different effects on exoprotein production. The complexes composed of the 70S ribosome, mRNA, and drugs are important factors that affect the selective production of exoproteins.
Moreover, it might be possible that other regulation pathways control translation and/or transcription by this complex. We also analyzed the levels of transcription of slo and nga and found that the same changes were detected at the transcriptional level (Fig. 7) . In principle, protein synthesis inhibitors interact directly with the ribosome and stop peptide translation from mRNA. Therefore, it is puzzling that these drugs work at the transcriptional level. With regard to S. aureus, it was suggested (13) that CLDM blocks the translation of several regulation factors, and as a result, the levels of transcription of exoproteins increase or decrease. Increases in exoprotein levels may have been observed because the synthesis of suppressive regulators is inhibited, and as a result, this may remove the suppressive effects and allow the effect of decreased translation to be overcome by the direct effects of antibiotic treatment. The other possibility is that the proteins whose levels are increased are necessary for the bacteria to survive in stressful surroundings, such as in the presence of antibiotics, and that the mechanism for increases in protein levels occurs at the transcriptional level. These points require further analysis. Table 2. 94 TANAKA ET AL. ANTIMICROB. AGENTS CHEMOTHER.
As far as the different effects of CLDM on M serotype strains are concerned, increases in Nga (spot 13) and Slo (spot 12) levels were detected in serotype M1 strains (Fig. 3) and serotype M4 and M12 strains (Fig. 6 ), but not in serotype M3 or M5 strains. The M1, M4, and M12 strains that we used produced fairly large amounts of SpeB (spot 1) without CLDM, but the M3 and M5 strains that we used did not (data not shown). One possibility is that SpeB, which works as a serine protease, degrades Nga and Slo; and the decrease in SpeB levels in the presence of CLDM causes the increases in Nga and Slo levels. Since M3 and M5 do not produce much SpeB compared with the amounts produced by M1, M4, and M12, this change does not occur. However, we believe that this is not the case, because increases in Nga and Slo levels were also detected in the presence of both protease inhibitors and CLDM (data not shown). In addition, we tested an rgg-knockout strain which does not produce much SpeB (4) and found that Nga and Slo levels still increased with CLDM treatment (data not shown). However, we cannot rule out the possibility of the involvement of other proteases, so this mechanism requires further study.
As mentioned above, the combination of high-dose CLDM and PCG is recommended as chemotherapy for TSLS. Previously, it was reported that this combination has no antagonistic effects but that the combination does not have a bactericidal advantage over either PCG or CLDM alone (22) . In our study, the concentration used for each drug in the combination was almost the same as or higher than that of each drug alone (Table 1) . Although we detected slight changes in the abundance of proteins by SDS-PAGE analysis, some of the bands were found to originate from the intracellular proteins by 2-DE analysis (data not shown) and the results were reproducible. Thus, we could not detect any advantage in using the combination to suppress exoproteins compared with the ability of CLDM alone to do so. The advantage of these drugs is probably PCG's very strong bactericidal effect and CLDM's easy penetration of tissue.
Our study revealed that protein synthesis inhibitors increased the levels of production of some exoproteins. In particular, the increases in Sic (spot 3), Slo (spot 12), and Nga (spot 13) levels were remarkable. Sic (streptococcal inhibitor of complement) interferes with complement function (1), inactivates some antibacterial peptides involved in bacterial clearance (8) , and plays an important role in bacterial adherence and internalization (14) . It is possible that the increase in Sic levels caused by protein synthesis inhibitors delays bacterial clearance and enhances the ability of a drug to invade bacteria. Slo and Nga appear to be functionally linked. Slo exerts it cytolytic function by forming large homopolymeric pores in membranes (2) . Nga, which is transferred by the pore made by Slo, contributes to bacterial pathogenesis by modulating host cell signaling pathways to inhibit internalization, augment Slomediated cytotoxicity, and induce target cell apoptosis (3). It is also possible that the increase in Sic levels facilitates the invasion of target cells by Nga and, furthermore, that the increase in Nga levels enhances pathogenicity. Since sensitivity to virulence is different from one person to another, CLDM might have an adverse effect on the treatment of TSLS, as judged only from exoprotein production. Furthermore, this concern is important, because there is a possibility that the drug concentration in some tissues was lower than the MIC. Further studies are needed to assess the choice of antibiotics for the treatment of TSLS. (lanes 1 and 2) , slo (lanes 3 and 4), and gyrA (lanes 5 and 6) genes. Total RNA was isolated from late-log-phase cultures of S. pyogenes 1529. Lanes 1, 3, and 5, controls (no drugs); lanes 2, 4, and 6, with CLDM. gyrA was used as an internal control.
FIG. 7. RT-PCR analysis of the nga
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